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The reoort included graphic presentations of a number of
data sets.

0

unclassified



141 rnnuirm AT GOfVI HNMI Nf I i rNrr

Table of Contents

1 Introduction................................................. 1

2 Description of the lidar system............................ 2

3 Further relevant equipment available.......................4L
-3.1 Broadband transmissometer system....................... 4
*3.2 Aerosol spectrometers and visibility recorders ....... 4

3.3 Radiosondes............................................. 5

4 Listing of the lidar data.................................. 5

5 Evaluation technique....................................... 9

S Examples for evaluated lidar profiles..................... 18
6.1 Low optical depth..................................... 18

*6.2 High optical depth.................................... 23

* 7 Extinctign coefficient profiles from clouds and fog......30

8 Conclusions................................................ 41

9 References................................................. 43



-i PnRini Prn AT (VrF riMi N i I X"r'N~r

- 2

1 Introcuction

The objective of the research is the application of the

lidar technique to measure vertical profiles of the

extinction coefficient under various types of low visibility

conditions such as highly concentrated dry aerosol, wet

haze, fog, and clouds. Klett's evaluation method /I/ for

lidar backscatter profiles should be applied and the

reliability of the results examined. For this purpose the

lidar measurements are supported by other data like aerosol

p.article size spectra, radiosonde ascents, transmissometer

measurements, and others.

2 Description of the lidar system

A mobile lidar sVstem is used containing a ruby and a

neodymium-glass laser, both used with and without frequency

doubling, allowing alternating measurements in the

wavelengths 347, 530, 694 and 1060nm. The output energy is

about 1 joule in the fundamental and 20mJ in the first

harmonics, the shot frequency 3 per minute. The receiving

telescope is a 30cm Cassegrainlan with 2.3m focal length. A

large-area pin-diode with two-stage amplifier is used for

the detection of the 694 and 1060nm signals and a bialkali

photciultiplier tube (EMI 9813) for 347 and 530nm. Complete
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team overlap is -ilhieved after 100m range in 694 and IOGOnm

:nc after 3UUm in the two other wavelengths, the difference

teing due to the detector geometries. The receiver FOV is

iv'riable bV an iris stop. However, it is normally set to

fixed values of 4 mrad for the photomultiplier and 10 mrad

Sor the diode detector, in order to get a non-overlap range

as short as possible. The reduced F0V for the photomulti-

plier tube is used for background reduction. Interference

filters with 3nm soectral bandwith (FWHM) for 347 and 530nm,

mounted in a filter wheel, serve the same purpose. Since

background luminosity is no problem with the diode detector,

this is used without interference filters. However, neutral

filters with 50 and 25% transmissivity are available to

reduce strong backscatter signals from clouds and fog if

mecessary. Moreover, the amplifier gain may be reduced by a

- actor of 10.

The received signals are recorded by a Biomation 8100

transient digitizer with 8 bit amplitude resolution, 1Ons

minimum sample interval and 2k bytes memory capacity.

immediately after each measurement the data are transferred

tc an on-lime minicomputer with 32k core memory. This

comouter ailcwq the 2lmost real-time display of backscatter

orofil-q which 3re corrected for background luminosity,

-:;uare :a-re, 119e7 o,.,tout cower and input sensitivity, on

A

,' . .*
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- cisiV) v tLue cin1 an x-y chart recorder. Furthermore,

automatic programming of the transient digitizer and change

o the detectors is done by the computer. For final

evaluation on a larger computer the signals are stored,

together with all housekeeping data, on floppy discs.

3 Further relevant equipment available

3.1 Broadband transmissometer system

po

Eetween the institute and a neighboring mountain peak

(Kreuzeck, 1650m above MSL) a slant transmission path with

19 deg. inclination angle and 2.7km length is operated.

Along this path the atmospheric transmissivity in the

-. visible range (.35-.9pm) and in the 3-5 (since summer 1983)

and 8-12um IR ranges is measured.

3.2 Aerosol spectrometers and visibility recorders

Optical particle counters (Knollenberg classical scattering

aerosol soectrometers) are used at the institute and at the

source end of the transmission path (Mreuzeck) for

continuous recording of the aerosol size distribution. The

Ivisibilit is measured at. the same sites by AEG-Ruppersberg

integrating neohelometers.

!

I
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3.3 Radiosuilces

'rofiles oF temperature, humidity and wind speed and

,*rection are recorded by balloon-borne radiosondes, the

'irst two Darameters also by cable car sondes.

. Listing of the lidar data

:n table 4.1 all the lidar data assessed under low

rJsibility conditions are listed. The first three colums

contain tne cate, time and number of profiles per day (n),

respectiveev, the latter without regard of the wavelength

used. Column 4 (tr) indicates whether transmissometer data

zre available (yes/no), and column 5 lists the visibility

rsnge (v) at ground level during the measuring period,

recorded by the integrating nephelometer. The last column,

- nally, gives a short description of the current weather

situation or atmosoheric conditions. Measurements during

extremely high visibility with predominant Rayleigh

HOackscatter, which can serve for the calibration of the

lijar (6 days total), are not included in the table.

'Ll mensurements except the last three were performed at the

i7stit,.te, located near rarmisch-Partenkirchen in an alpine

i lley i7 southern Bavaria. For the last three measurement
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.ceries a site in a flat fen area, about 20km to the north

3nd 3utside the mountains, was selected, where the

probability for the occurrence of ground-based fog and

lcw-altitude stratus is higher than at the institute.
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: :- .. , , 3 d n) an extitiction coefficient prolile

I Lar return, e.g. ny Ilett's methiod uith

;n ex: , :,dary value as described formerly in this

u,-cJ backscattur orofiles from an extremely

2 ar - where dominating molecular backscatter

au1 - , umer , For the dErivation of lidar calibration

at.-.. C: tccedure is sUmewhat uncertain in the

,vee--,tn "?H60nm, where Rayleigh scattering is smallest and

2e _3 E nce o aerosol scattering can be excluded with -

east C--i tv. .i:JwPver, it avoids the error sources

:"-h calculation of backscatter coefficients

rrm a-: etai :3rosol data :y the Mie theory. Using

A-ese :ra<ion factors, we derived C constants from lidar

-o 2 Fi: obtained on March 15 and 19, 19a4 and

Pval._ ,r , ett' method as described above. For the

,-tn :32, 654 and l060nm we obtained for March 15 the

C rat: : . , .I72 and .01'5, resoectively, From 8 profiles

-acm ,i "  atarrd deviations amounting to about .006. For

-re octqined .023, .020 and .0112, respectively,

. . . per wavelength and standard deviations

. , -. . TI-? tata F.rcm the two days differ up to 20%.

7 -1:-* c at t-e tw: days was dry and well mixed by eddy

.. a: orofiles from atmospheres containing

-, :.- e treated in tre same manner, C ratios with

rt are obt-Kieh.. 'e evaluated a few
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re or1' D a co nijined fron two profiles taken with

t roce'iver siensitivites in order to improve the

>nams rner. Otherwise the amplitude of the original,

n-rang-normaized profile would have dropped below the 8

:iit rescLution limit of the transient digitizer. Fig. 6

resent, , 2 ma crorle calculated by ilett's method, again

:tn an excerimental extinction coefficient as boundary

;a Ie. rom this profile the ?mplitude at the lowest

Jilir~z> ranz- wa s, now used as boundary value for the

7 ar 4Cnversion m'thod, and the profile Fig. 7 was

.... :in'c. 'T ' _urve is obviously nearly identical to the

Lett :;:zie Fg. 6, thus demonstrating that the standard

-ethcc, aL. (4), may deliver correct results if the optical

of the range interval is small or moderate and if

reaL tic coundary value is available.

already menticoned above, the '.erivation of the boundary

Jalue 'rom a calibrated lioar return itself requires the

<nowledge of the 3-6 ratio or the constant C in (1). This

:atio depends on the size distribution, refractive index,

end shade of the scattering particles and is thus not

constart. Mulders /6/, for instance, reports on strong

,ariaticns of this ratio even within one day. It is

2o9sible to rdet-rmlne the constant C from a) a lidar return
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catao T t n commonl V  occurs in mountain valileys.

in the I rt, t.'-L. dn the layer increased in concentration

and o . ;ecM IJ:: us, but did not fill the transmission

-ath comtI 1 . Fig. 4 shows spatially averaged

extjirc 2r 7:7: i,:jints derived from the lidar profiles in

the fcL.r _ elgths versus time, and the transmissometer

7erive1 xtincticn coefficients. All curves show the

sceic:Lg tenden7cy which is expected from the development of

the ae'osc' laver, especially toward the end of the

easuring oeriud. The transmissometer values are expected

to agree eet with the 530nm lidar extinction data, but we

see that the former ones are distinctly smaller. We then

deriveC th extinction coefficients from the integrating

neoheiometer data, i.e. data delivered by the visibility

meter, and calculated again sigma profiles by Klett's method

rom tne 5 nm lidar profiles. These data agree better

i th tie transmissometer derived extinction data than those

where tne inolleiterS spectrometer was used. Obviously the

direct measurement ty the nephelometer gives better results

tan tne i-direct method used in the particle spectrometer.

,s o--" 'amclcs in this section we present a comparison

et~ee- sica crofiles obtained by the backward (Klett) and

a Iersion method, eo. (4). Both methods were

.7 a kscatter profile, shown in Fig. 5, from an
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valid 'f " tne aeiosol models ititroduced by Shettle and Fenn

'10/. rom th visitrility meter data the same coefficients

can te recalculated by Koschmieder's formula, however only

non-monochromctic for the visible range.

rig. I shows a range-adjusted backscatter. profile in the

wavelength 530nm, which is close to the center of tne

visible transmission window. No clouds or fog were present

in the lidar path, the ground level visual range was 13km.

From the CSAS data at the path end .173/km was derived as

attenuation coefficient. With this figure as boundary value

lett's mefhod results in a 6(r) profile shown in Fi0 . 2.

The smooth curve oresents the integration over 6 nr the

optical depth which is .42 at the path end. The optical

depth derived from the visible transmission, , is also

included in the figure. The latter value (.44) is slightly

'arger than the first one, but the agreement is still

acceptable.

Fig. 3 shows a series of sigma profiles, in this case in

1060nm wavelength, from a more inhomogeneous, but still

cloud-free atmosphere, again derived by Ilett's method. The

ascissa is now the extinction coefficient and the ordinate

the altitude above ground level. The profiles show the

influx of a ground based aerosol layer, initiated by the
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1, for 3 follows then a boundary value

kL

for the interval (O,r ). It should be noted that the

requirement of the ratio of the C values in (7) introduces

an additional source of uncertainty into the evaluation, and

it is thus not sure that the two-step integration results in

a real improvement compared to the assumption of constant

<'s and C's. in section 6 a lidar profile will be evaluated

U.,, both methods and the resulting a' near ground level

compared wiith nephelometer data.

IS Examoles for evaluated lidar profiles

S.1 Low optical depth

In the orevious section we mentioned that we have the

possibility to calculate extinction coefficients to be used

as Klett boundary values from aerosol data at a remoteIJ
point, namely, at the far end of the transmission path.

Prom aerosol particle size spectra measured by a Knollenberg

classical scattering aerosol spectrometer (CSAS) we

calculate wavelergth-dependent extinction coefficients using

Jan de Hulst's approximation /9/ and refractive indices

I'
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_ -- , hours. However, he also observed

*cmr" e, y zr ttrs -l 3-0 diagrams.

(1, is c>2rtainly nt valid in cases where different types of

scatterers are present either simultaneously (for instance

pf particulate anLn molecular scattering is comparable in

magnitude) or spatially separated (e.g., clouds and dry

aerosol underneath). In such cases erroneous extinction

data may be obtained if the analytical solution (4) or (6)

is sti'll used /7/. Fernald et al. /8/ applied Mlett's

backward inversion technique to a numerical algorithm to

solve the 'lidar equation for atmospheric conditions where

molecular backscatter cannot be neglected against

particulate backscatter. On the other hand, if backscatter

orofiles from two sufficiently separated scattering media -

(e.g., dust and clouds) are to be evaluated (for example,

r-iry aerosol from r=O to r. and fog from r, to rm), it is

imaginable to integrate Mlett's formula (6) in two steps,

namely, first from r=rc to r=r,, and then from r=r, or 0 to

r=r, . The first step would then deliver the boundary value

for the second one, provided the k value and the constant C

in (1) are known for both media. If (1) is valid with Cs

and k, from re to r and with C and k& below r., the

application of Klett's formula (6) to the interval (r ,r.)

Lelivers a value (r¢). From the condition of steadiness

..
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4 (9)

+r

This kind of simplified multiple scattering correction is

utilized e.g. by Evans /13/. It should at least be

fea- le for an estimation of the influence of multiple

scattering upon the inverted lidar profiles. In the

following section some extinction coefficient profiles

calculated using the modified Klett formula (9) will be

oresented.

0

The second obJection concerns the validity of the

cackscatter-to-extinction realationship (1). It is surely

approximatel V valid if the type of the scattering medium

does not change along the range interval considered.

Ritzgerald /5/, for example, calculated backscatter and

extinction coefficients as function of relative humidity of

the surrounding air, for aerosols with varying chemical

composition (soot content). He found a relation like (1)

with k values ranging from .98 to 1.28 for humidities

between 90 and 99%, and from .3 and .84 between 50 and 90%.

This aoplies under the assumption that the dry aerosol

characteristics do not vary along the path. Mulders /6/

round the relation (1) to be fulfilled on certain days,

although with constants and k values varying with time,

0

L . .- . - . • - . ,. • - - -.. . . . . . . . -. : - . - ' . : . -. . . - ' - - - ' .{ '. -i " ' -] : " i ' .
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treatment of this process requires the solution of the

2adiati transfer equation under appropriate boundary

conditins and is therefore very complex. Several authors

trieO o treatment of the problem by the Monte Carlo method

or numerically under restriction to double scattering /3/.

Weinman/.11/ and Tam /4/ found exact analytical expressions

For the oackscattered power using the small-angle

approximation for the scattering phase function. For

radiative fog and a reveiver FOV of 2 mrad Tam found that

the multipie backscattered power exceeds the single

*ackscattered power already at an optical depth of 2.

Weinman /11/ descrites the multiple scattering effect using

a correction function F(r) for the extinction term in the

lidar equation:

r

Prz~irL e h-P (2 fay0 f(-PC*)] C/ ) (8)
0

Monte Carlo analyses by Kunkel and Weinman /12/ now showed

that this correction Function is approximately constant for

optical depths greater than about one and for given constant

extinction coefficients. With a constant F, however, the

modified lidar equation (8) is as easily to be solved as the

single scattering equation (2). The factor 2/k in front of

% the integral in th2 denominator of (4) and (6) is just to be

replaced by 2(1-F)/k:

... .. .. ....- . ..
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ca cu: tion of experimental extinction coefficients and use

them as boundary values for Klett's method. The resulting

optical. thtckness of the range interval can directly be

compare€ with the transmissometer data and so the validity

of the ioar inversion be tested. Examples will be

zresented in the next section.

Although Kiatt's inversion algorithm delivers results which

are stabie especially at high nPtical depths, there are two

ma-or onjections against the applicability of eq. (1) and

(2). T-e first one is the neglection of multiple scattering

in the IiJar epuation (2). The single scattering assumption

means that each photon which is removed out of the laser

team iatn either "y absorption or scattering has no chance

t all to rencn the receiver. However, in reality a part of

tne sc2ttered photons can enter the beam path again due to

irther scattering processes and so increase the power

receiveJ oy the cetector. Furthermore, all photons which

are scattered in the near-forward direction 'ito the cone of

the laser team don't leave this beam at all. The

:ontritution of multiple scattering increases with optical

deoth, with the average size if the scattering particles

relative to the laser wavelength, and with the transmitter

and cni~er P'IV. its neglect~on leaos to an underesti-

mation "i tte true extinction cnef'iclent. The theoretical
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3till C:?riit3lV above the noise or error level. Otherwise

ny si,)n,:i errors, which are multiplied by r2  in the

solutio: rormula, get an increasing influence upon the

:esult. :7 this respect we have to note that the choice of

r in tne first evaluation example in the interim report

from Fenruary 10, 1983 (Figs. 2 and 3) was not the best

one .

With decreasing optical thickness of the range interval the

influe'nce of tne boundary value upon the resulting C-profile

tecomes more and more significant, and a Ir more close to

reality must be found. Here the superiority of Klett's

method decreases considerably, and in cases where a

realistic d value is available tne standard or forward

i'version method (4) may even deliver better results /2/,

<..thoug-i the dependence of the resulting average attenuation

* oefficient or optical depth upon the boundary still remains

S smaller 'or llett's formula (6). Furthermore it should

gaii ne noted here that the boundary value in the forward

nversi:n formula (4) can be deduced from the lidar return

itself only if the backscatter-to-extinction ratio is known.

T!-,i3 condition involves an additional uncertainty in the

oplication :f (4). We have the opportunity to take

.Cdvant3;e c our 3erosol and visibility data from the

-reuzeck station at tie end of the transmission path for the

. ..

'. •. . ' " "i " -- "-i .-.--. i .? ' . ' . ' "". "
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The fundamental jistinction to (4) is that in (6) the

denominator is a sum instead of a difference and so those

instabilities are avoided. The application of (6), however,

requires the knowledge or assumption of the attenuation

coefficient at the remote end rm of the range interval,

which in general cannot be deduced from the lidar signal

itself. However, it can be shown that the influence of the

boundary value upon the result decreases strongly with the

optical depth between r and rm. If we again name th terms

i.n the denominator A and 8, respectively, we get similar to

(5):

~~(A B)/A=exp(21/k)( )

from which we easily see that for instance within clouds

with extinction coefficients >10/km the term A solely

containing the boundary value drops below 10% from 8 already

after acout 100m distance from rm. For strongly turbid

* atmosoheres, therefore, it is not difficult to find a

tcundary value which results in reasonable extinction

coefficient profiles. In case of doubt a larger boundary

value snould be preferred. The reference range r, should be

suffic4enty Varge in order to keep the influence of the

rcundar1 value low, but the received signal at r,, should be

0
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the dencminator in (4) becomes a small difference of two

Large torms with increasing optical depth. Since the nume-

rator in (4) is proportional to the first derivative of the

denominator, (4) can be integrated analytically and so the

•enominator ha expressed in terms of the optical depthd.

If for brevity the two terms are named A and B,

respectively, their relative difference becomes

(A-2)/A=exp(-26/k) (5)

wnere is the optical thickness of the range interval from

r1 to r. ft is easy to see that at high optical depths (5)

7an become zero or even negative for example if the boundary

jalue contained in the term A is chosen slightly too small.

Anothe: reason for the denominator in (4) to become negative

oven if an absolutely correct boundary value is chosen may

ne the influence of multiple scattering. In this case the

range-corrected signal amplitude may decrease not fast

cncugm and the integral in (4) become too large.

-K mlett's backward inversion method is applied to eq. (3),

-3 solution form apparently only slightly different from (4)

s 'Ound:

0

kr

TP r' -r, L/Li., +.~ f P[ci1 (A.

S

0

..*- ..- . . , .
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into this differential equation:

k Jr2G~'(3)
dr

which has the following analytical solution:

6EP(r). r 1 k (4)

., the extinction coefficient at the reference range r., is

the required integration constant or boundary value. If r.

is chosen sufficiently small the transmission loss between

r=O and r=r. can be neglected or estimated and the boundary

value derived from the extinction coefficient at the lidar

site itself (the choice r,=O is impossible because of the

* lidar overlap function, which has been omitted in (2)).

This extinction coefficient in turn can be found by

different ways, e.g. by absolute calibration of the lidar

system, if the constants C and k in (1) are known or

realistic assumptions are possible on them, by the slope

method applied to horizontal or nearly horizontal

backscatter profiles if the atmosphere is sufficiently

homogeneous /2/, or from data delivered by any visibility

meter like an integrating nephelometer.

The instabilities mentioned above arise from the fact that
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Evaluaticn tecnniqu~e

3ince the neginning of lidar remote sensing research it is

<nown that -ost methods for the inversion of the lidar

ecuation, which relates the range-dependent received power

to the optical parameters of the atmosphere, tend to Oe

instable with respect to measurement errors and to errors in

the required ocundary value or calibration factor. Ilett

/ published an inversion method which avoids such

instabilities. His basic idea is to integrate the lidar

equation not in the forward, but in the backward direction.

The method is demonstrated using the analytical solution of

the single scattering lidar equation, which exists if the

tackscatter and extinction coefficients, B and 6,

respectively, can be related according to this power law:

The single scattering lidar equation

* r

P(r)= GG..p(cf fG() d (2)

00
where P(r) is the received power from range r, q the

transmitted laser energy and G a constant including the

eFficiency of the receiving system, can then be transformed

0'

|,
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cloud profiles and found f3-i ratios ranging from about .01

to .05, . accordanuce with the results of Mulders /6/.

Tnese variations cc;ntribute without doubt considerably to

the uncertainties associated with the application of the

orward inversion method (4).

E.2 Hilh optical depth

High optical depth conditions we call those where clouds and

fog are present within the lidar beam path. At first we

consider the case where ground-based fog with meteorolocical

ranges of several hundred meters surrounds the lidar site.

Fig. E shows a range-corrected backscatter profile obtained

turing such a situation. We see that the signal amplitude

drops to zero before complete overlap of transmitter beam

and receiver FOV is reached. It is, therefore, impossible

with our lidar configuration to make quantitative

measurements within fog. For such applications a much

smaller receiver telescope or an open detector without any

collecting optics would be required.

T(r) profiles from an elevated stratocumulus cloud are

oresented in Figs. 9A to 126, obtained by Mlett's method in

0
ll four laser wavelengths available. In the diagrams the

abscissae present the extinction coefficients in a

0.-. . . . . . . . _ , h ~
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logarithmic scale, the ordinates the altitudes, measured

vertically above ground level. The lidar elevation angle

was 19.2 degrees. Reference ranges were chosen around

2.5km, lust before the signal amplitudes dropped below the

resolution level. As boundary value 10/km was used in Figs.

5A to 12A, and 30/km in 98 to 128. It is clearly to see

that the profiles differ remarkably only in the last 50m

altitude (or 150m range). Below that level, especially in

the cloud-free space, the profiles are very stable with

respect to the boundary value.

0#

t is now the question whether the resulting extinction

coefficients are realistic, since the assumption of the same

relation (1), especially the same C value, for both the

cloud and dry aerosol reg 4 mes is surely not true. By the

visioiiity meter 21km meteorological range was recorded near

-round level at the time of the lidar measurements,

resulting in an extinction coefficient of.186/km. The lidar

profiles, on the other hand, deliver ground level

attenuations which decrease with wavelength, as expected.

For the wavelength closest to the visible region, 530nm,

.,11/km is obtained, that is distinctly less than the

-nephelometer value. This deviation may be attributed to the

different 3- r(C) ratios for both types of scattering media.

-rom tne Min tieory Follow .044 and .024 for clouds and dry

•0' -' " - . ' i _- ' " - "- 9 " 9 . .i ' " - - . . " " i .
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LerosoI, rep ctivelV, with typical size distributions. We

M::y noLj .pP v ilt~tt's inversion method in two steps, as

ointed out in the previous section. The transition between

the dust ann cloud regimes can be located at 2190m slant

range or 720m altituue. At this range the amplitude of the

profile Fig. 99 i: .15/km. Together with the steadiness

condition (9) and the two C values mentioned above we get

.275/km as boundary value for the lower part of the signal,

if for simplicity k=1 is assumed to be valid within both

regimes. Fror the resulting 0(r) profile, which is shown in

Fig. 13, follows now a ground level value of .16/km, which

is in fact closer to the measured extinction coefficient.

On the other hand, a similar result is obtained by the

one-step integration, if k is set to 1.15 instead of 1.0, as

shown in Fig. 14. This method has the further advantage to

* e applicable also in cases where the transition between

tust and cloud is less sharp defined, like in the profile

Sig. 15. It was obtained on the same day as the formerly

'iscussed profiles, but at a later hour. The ground level

visual range was then 10.5km, resulting in an extinction

coefficient of .37/km. This ,alue obviously agrees with the

'dar value (also .37/km) already for k=1. The diagram Fig.

<6 shows a correlation between further extinction

7refficients mensured by the nephelometer about 15m above

0
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ground level (abscissae) and extinction coefficients which

are derived from lidar returns from clouds and fog by

Klettis method (extrapolation to ground level, ordinates).

In the heading are given the correlation coefficient R, the

- correlation factor CF (i.e. the slope of the regression

line), the intersection point 8 of the regression line with

the ordinate axis and the number of cases N. CF<1

indicates that the average lidar extinction data are

somewhat smaller than the nephelometer values, but the

deviations do not exceed the general scatter of the data.

SI

le can thus state that Hlett's method results in stable

extinction data for turbid atmospheres if reference range

and boundary value are chosen as mentioned. They are not

very far from reality in spite of the single scattering

assumption and the restriction to the C ratio expressed in

the relationshio (1).

We will now discuss briefly the applicability of the forward

inversion or standard method, eq. (4). On November 4,

1984, a stratocumulus layer was present at about 300m

altitude, and well mixed dust with 4.7km visual range below.

We made some lidar measurements at 20 deg. elevation angle,

0
and one at 5 deg. elevation, in both 530 and 106Onm

twavelength. To the latter profiles the slope method was

... ""S;- ] i i

0 I
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;jjsolicL-::2 eu t in extinction coefficients of anou t

1.04/kr and .S8/kn, respectively. From the visual range

follow .-3/km. T he 20 d e g. elevation - prof iles were

evaluated tV lett's method as discussed above, with

cundrV values 10/km and k=. Examples are shown in Figs.

I6A anc. 168 f'or 530 and 1060nm, respectively. The lowermost

6amplitudes are .6 and .25/km for the two wavelengths. The

530nm value, .6ikm, agrees fairly well with the nephelometer

value, (.;3/km), Lut the slope coefficient (1.04) is

distinctly l7r-er. A similar deviation is observed in

1060nm between the slope and Klett data. Multiple

scattering cannot be responsible for these discrepancies

since it would produce deviations in opposite direction.

However, the 1060nm profile seems to indicate the presence

of a ground-based layer of increased aerosol concentration,

with a thickness of atqut 30m. Because of the longer

non-overlap range this layer does not show up in the 530nm

m:o file.

_Je now applied the forward inversion method using the

above-mentioned ground level data as boundary values. Figs.

i7A ant 178 show the results for the slope values. In both

Drofiles singularities occur within the cloud region, i.e.

tne denominatcr in (4) becomes zero and then negative. If

tne boundary values are taken from the Klett curves (.6 and

6 -. - s I

.6_i - i . . . .. ., i .. . - _ , , . .
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.25/km, resnectivelv), the singularities are shifted more

towards the end of the range interval (Figs. 18A and 18B),

but they are still present. Of course it is possible to

adjust the boundary value such that no singularity occurs,

Out this procedure is actually already equivalent to the

backward inversion technique.

'We want to point out that the transition layer between

clouds and the cloud-free space underneath shows

considerable differences in thickness as well as in

I structure from case to case. We have already seen two

examples for different thicknesses of that layer (Figs. 10

and 15). A still sharper transition is evident in the

Iprofile Fig. 19. In this case the near-ground visual range

was >40km. Obviously the thickness of the transition layer

increases witt the aerosol concentration below. Due to

, .ater vapor absorption with increasing humidity, the

particles may grow and give rise to increased backscatter

iready below the real cloud base. Sometimes we see,

4 finally, P multi-layered structure of the cloud base (Fig.

20). This structure often changes rapidly with time. More

•etailed examples will be presented in section 7.

Concluding this section we present application examples for

tne Klett 'crmula with simplified multiple scattering

I

I
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. :r':ction (9). Pig. 21 shows aT-profile from a low-level

st:' tus cloud, calculated by the single scattering formula

(s). i.e. with the correction factor F in (8) set to zero,

as inoicated in the heading of the Figure. For a receiver

FG' of 10 milliradians, like in our system, and for a

7:umulus cloud (Deirmendjian's /14/ type C-I) Kunkel and

uJeinman /12/ found a value of about .3 for the correction

function F. If (9) is applied to the same lidar return with

this F value, the profile shown in Fig. 22 results. The

difference to the profile Fig. 21 is just that the

extinction coefficient is enlarged by the factor

1/(1-F)=1.43. For simplicity, the total profile Fig. 22

was calculated with F=.3, including also the lower,

cloud-free part, where single scattering conditions are more

probable. An improvement of the evaluation should be

poss!ole by a two-step procedure, i.e. by application of

the formula (6) between the reference range 537m and the

ange 290m, and the single-scattering formula (6) to the

*iterval from zero to 290m, the cloud-free space. As

toundary value for the second step the extinction

coefficient resulting from the first step for r=290m is to

e used. Fig. 23 shows the result of this procedure for

the lower range interval. Again no dramatic changes are

3erved.

0 . - °i : :: . . ,: - - : : : : : ::• : : . : : -.. :...: _ - ,:,- .?
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If the multiple scattering correction formula (8) is applied

to the previously discussed profile Fig. 108, we get the

profile shown in Fig. 24. Again the profile amplitude is

raised by the factor 1.43. If the cloud-filled and

.loud-free regimes are treated separately in the same manner

as shown in Figs. 22 and 23, the profile Fig. 25 is

obtained for the lower interval up to 2190m slant range or

720m altitude. The near-ground extinction coefficients

resulting from both profiles, Fig. 24 and 25, agree better

with the nephelometer value, .186/km, than that from the

profile calculated by the single scattering formula (6).

/

? Extinction coefficient profiles from clouds and foq

During the course of this project several hundreds of

tackscatter profiles from cloudy and foggy atmospheres have

* teen obtained. We have seen in the previous sections that

such profiles can be evaluated by Mlett's method in a nearly

straight-forward manner. The range just before the lidar

return drops below the resolution limit should be chosen as

reference range, and a large number greater than about 10/km

* .- may be used as boundary value, which is uncritical in such

cases. We thus developed an automatic program which is able

to calculate 6-profiles from a selected set of lidar

returns. That range where the signal amplitude, seen from

* . . -.



iHi l ti f o Ff)l AT (MV I INM N? \ W rNSr

31

t.e rear Pnt 7 fL the interval, reaches first the digital

Jalue 6 (2.J is chosen as reference range, and 20/km as

toundary value). The exponent k is set to unity, since there

i is no cogent reason to choose any other value. The altitude

ranges are selected automatically among the values 100, 200,

5OOm ano so forth, according to the vertical altitude of the

reference point. None of the corrections for multiple

scattering atc. mentioned above are applied, since this

wouid involve 3n individual treatment of each signal and

would furthermore not come up with dramatic changes of the

resulting Profiles. For each diagram a heading is created

containing first a figure number, 7.1 and so forth, where

the part after the period is incremented automatically. It

I ollow then the label "lett- profile", the wavelength used,

the lidEr elavation angle, date (year, month, day) and time

interval (Central European Time, CET) of the measurement,

Mthe reference range RM, and boundary value SM and exponent K

(here 20/km and 1.0, repectively, throughout). A total of

303 diagrams have been created in this way. After plotting

they were inspected critically and some of them, where the

* automatic procedure to find RM did obviously not work,

recalcijlated manually. Other profiles were cancelled

7omoletaly, and so some figure numbers are missing.

t is no:lw that t'e amplitude cf the lidar return signal is
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UetucEr hel a certain minimum range by incomplete

cross-;ver o laser heam and receiver FOV and in cases also

due t- overloading of the transient recorder. Since it is

imoossibie to find this minimum range automatically, the

2rci!V2s were always formally calculated up to zero range.

'- ereas this non-cor ect part of the profiles is easily

.e3cgnizec in cases where overloading occurred (that part of

ne curves increasing smoothly proportional to the log of

range r altitude), this is more difficult in other cases.

The minimum range was marked, therefore, by a small circle

n a pEirt a' the diagrams.

Since tac<scatter from clouds in general changes rapidly

whithin a minute or less, most of the presented profiles are

Single shots in order to show the momentary cloud structure.

The anove-mentioned method to increase the amplitude

resolution by combining profiles obtained with different

inout ranges is not applicable, therefore, for cloud

signals. So in some diagrams unavoidable digitization

errors show uQ. Another source of errors are the rapid

amplitude Fluctuations which occur sometimes in cloud

returns. They cause the occasional negative overshoots

,-j, r nrn znavoidnble in spite of careful design of the

Ii'>-:rz:. In scme cases this effect causes small breaks

-g the c lr, lated ,1ett profilne, where the amplitudes drop
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S zero.

The remaining cloud extinction profiles are presented in the

3-oentix, Figs. 7.1 to 7.303. We give now short

Cescri1ticns of the weather situations during the measuring

-ates arid some remarks on the presented profiles.

52-11-10 , Fios. 7.1-7.12

After rainfall during nighttime stratocumulus banks were

noserved at the mountain slopes under a closed Sc cover.

The air in the cloud-free space was extremely clear so that

9

here te extinction coefficients remain only in 347nm

wavelentn within the presented range. The striking sharp

:loud toundaries are to be noted.

-2-12-!4, Figs. 7.13-7.27

2ccasional light snow showers, Cu fra and Sc at the slopes,

lower toundaries between 250 ant 720m altitude. Their

structure shows heavy fluctuations causing negative

overshoots of the signals.

83-01-19, Figs. 7.28-7.29

Cu fra clouds occurred at the end of the range interval at

a3lm altitude. The signal fluctuations below come from

light snowfall, which is obviously very inhomogeneous.
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93-02-10, Figs. 7.30-7.58

Two layers of Stratus/Stratocumulus were observed at 450 and

830m, respectively. The lower layer was temporarily

transparent. In the afternoon only one layer remained at

O00m. The aerosol concentration below the clouds was higher

than in the previous cases, and a more smooth transition of

the extinction coefficient was found. The thickness of the

transition layer varied between 80 and 200m.

53-03-16, Figs. 7.61-7.65

intense, moist haze near ground level was covered by an
P

opaque stratus layer (advection fog) at about 200m altitude.

Note the very smooth transition between the two layers.

83-06-29, Figs. 7.66-7.73

Cu fra clouds occurred at 620m altitude and temporarily at

620m. The haze layer below was rather moist in the morning

and showed a remarkable structure due to precondensation

effects. Later on the humidity decreased, the ground visual

range increased from 10 to 22km and the structures

disappeared. Again the cloud extinction shows a strong

spatial structure.
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- - et ' n isnouni in the early morning Cu fr cIL-uds

ijr'.,2f it L,fOC-6O0m altituoe, sometimes with

<Iti->-are- structure. Relatively sharp cloud boundaries

, :re ncf in this case in suite of the not small aerosol

,--ceCrt7-ticn helow. An excellent agreement was found

7-tween ,L- iilitV- er!ved extinction coefficients (6.1/km)

'-2 near-7rr -nu values of 530nm lidar profiles (6.0/km).

_ern wt<i a -ult!-Layered stratocumulus at 700-800m fairly

cmcgenecsL' cost with visibilities from 23 to 26km was

T-ie thickiess of the cloud transition layer was

-ri .35-7.87 ~

:-ci vel opaque stratus layer (advection fog) was

-ccr E-c~ at Crim altitude, and intense moist haze below

,is. r7nge ?km). The lidar profiles show remarkable

ertica str'ucture.

:4-1]2-7a, ;i- s. 7.a8-7.90

, 3 rerraincer o' a closed Sc layer, dissolving banks of Sc

'c~ C i occurred at the mountain slopes at 700m. The

-:ou asaI3n snow considerable multilayer structure. The
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-. has alreay teen discussed in detail in

-,2 pr: 9., L-3 ct un.

-07 I, --igs. 7.51-7.122

in the rnno a ground based layer of advection fog was

cresent, wnect n lifted slowly in the course of the day, i.e.

the lc,- Jr Doundary ascended up to 200m in the afternoon.

Corres -nc,4 a giV the visual range at ground level increased

-crm .. tc 7km. Useful lidar returns could not be obtained

:e,7-'re 7-n, nen the lower cloud boundary had arrived at

r-m a It C. Then the profiles show at first some

mu'ti'mve: zStrLct.re, which vanished toward the evening.

F -Ial Iv e,, ni ooth and continuous transition between

zloud -- c: -- -'r space is observed.

-. 123-7. 125

4t t-.. -:p-e -t 600m Cu fra clouds occurred. The

atMcsD7;x'e 2I:7 , was extremely clear after a rain front, the

extinrt:jn 7celicients here remained below ti, limits of

the -igram. ,gain a very thin transition layer was

recordec (thickness telow 10m).
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Under moderate optical depth conditions, on the other hand,

• mlett's method delivers results which agree with

transmissometer data as long as realistic boundary values

are available. If not, the forward inversion method can be

appiteb, out a more precise boundary value is then required.

It can te derived from the backscatter profile itself if the

lidar is calibrated absolutely and the S/,' ratio is known,

or, since it is difficult to keep the calibration status

constant over long time periods, from data delivered by some

visibility mater like an integrating nephelometer. Such a

comoarably simple and low-cost instrument may easily be
P

coeratec close to the lidar.

I

*

I *

*
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set to 10 ani 15 degrees only. The profiles thus present

not only vertical structures. Considerable inhomogeneities

were recorded throughout the period, but the temporal

variations slowed down somewhat in the afternoon.

B Conclusions

From the hitherto gained experiences with the evaluation of

lidar returns we may conclude that Klett's backward

irnversion method provides extinction coefficents versus

range which are very stable with respect to measurement

errors and errors in the choice of the boundary value. In

cases of high optical thickness of the range interval, i.e.

especially when the lidar signal vanishes in clouds or fog,

the resulting 0'(r) profiles depend only to a small extent

upon the boundary value if the reference range is chosen

oroperly. Furthermore, the profiles are in general not far

from reality if the exponent k in the B-6 relation (1) is

set to values around 1, in spite of the single scattering

assumption in the lidar equation (2) and to the restrictions

introduced by the assumption of the validity of (1). Thus '1
the lidar, together with Mlett's evaluation method, is an

excellent tool for vertical structure measurements under low

visibility conditions, especially for the study of the fine

t:ucture of cloud bases.
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few minutes.

84-12-03, Figs. 7.232-7.256

This day two stratocumulus layers occurred at 200 and 600m,

respectively. The upper layer covered the complete sky, the

lower one only about half of it and disappeared completely

during the two hours measurement time. Laser shots were

fired in short time intervals down to a minute in order to

show the rapid temporal fluctuations of the observed

structures. At the end of the interval all structures below

5OOm had disappeared, and a smooth transition to the upper

cloud layer was recorded. The oscillations showing up in

some profiles are caused by occasional amplifier ringing and

are thus not real.

"14-12-04, Figs. 7.257-7.303

This final series at the fen area was extended over more

than 4 hours, and from the totally obtained 71 lidar returns

47 were selected as useful for the presentation of the

atmosoheric structure and its temporal variations. The sky

was completely overcast by a stratus layer with slowly

descending base at about 100m above ground level. By eye

observations from one of our mountain stations the upper

boundary of this layer was located at 300m above ground.

2ecause of the low cloud base the lidar elevation angle was

0

0
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/.21,16-7.209

rinr - L ,~ L~id a t 1b~im above dense and moist

Sc'un c- -:o>e' o ctL-ired at the measurement si1te. Since

~ I> ~ niat only 5 degr. elevation angle, the

~:i~r~l efore 1.L6km range and so the signal

~-:~a~ledigitization errors.

~tee C: e3 1.r a t 230m altitude and ground level

2nse z.inc 7-ci: was observed another time. Some lidar

7et:.rns were ontained at different elevation angles, showing

two-t-2ld cloud base. The ground-level extinction data

resulting from the Klett inversion have already been

discusssed in section 6 (Figs. 16-18).

This and the remaining tuo measurement series were obtained

3t the selected site outside of the mountain area, were

ground-nased fog and low-level stratus occur more

* Frequently. A shallow fog layer was transported up through

th-e valley between the measurement site and the institute by

the catabatic valley wind. Outside the mountains the fog

~ayer base was somewhat elevated at 50m above ground.

Duriiig noon time the fog dissolved. The profiles show

considerable inhomogneities which varied rapidly within a
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A ground-Laned <'o- layer with visibilities fluctuating

between .5 and 2kcm ascended slowly and dissolved in the

early afternoon. The ground visual range increased up to

km. The first erofiles at 10 degrees elevation again

should reresent in the first Qlace horizontal structures.

-lowever a multilayer structure oF the cloud base remains

tnrougncut tne measurement period. In spite of the only

moderate visual range at ground level a quite sharp

transition oetween cloud and haze is recorded finally.

S'aye tr-e visioilitj was mainly reduced by high humidity and

not by a Migh concentration of dry aerosol material.

;4-08-29, Figs. 7.193-7.194

The two profiles indicate an Sc layer at 1100m altitude.

The aerosol underneath is fairly homogeneous and moderately

concentratec (visual range 10km). The transition layer is

3Cm in this case and thus relatively thick.

34-10-OE, Figs. 7.195-7.197

:nitially a fog layer at 60m was observed, which became

transparent two hours later. A second cloud layer at 600m

became thus visible through the remainders of the fog.

0



84-04-04, Fig . 7.126-7.137

The lhdur returns were obtained from a cumulus cloud, with

base at first at 700, then at 1200m. Between 500m and the

cloud base a region with increased, irregular backscatter is

observed, originating from light snowfall.

34-04-11, Figs. 7.138-7.156 /

A low-level stratus cover with base at 200-300m was present,

ano strong, moist haze underneath. Again a multilayer

structure was observed in the beginning, which was later on

replaced by a smooth transition between haze and cloud. It

is interesting to note that profiles obtained at 7.5deg.

elevation angle show more fine structure than those at 15

degrees. Obviously the observed inhomogeneities extend more

in the horizontal than in the vertical direction.

4 -4-04-18, Figs. 7.157-7.162

A stratocumulus layer is found at 500m altitude, with strong

multilayer structure at the base. Also the aerosol below

with 15km vis. range shows considerable inhomogeneity,

probably due to precondensation effects.
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FM-J,-. 6'KM ,SM=20. 0000/KM ,K=1. 000

~ _ ~ 368 1 52 34G780 2 3 50

0]0

C IA

5i rl'li

SI MA -1 *

0 Ca

o G79Q 23 4 468'~23~ 68~Q 45

SIGMA, 1/KM



K[1i FT1 I kUl iLE ,06S/.NMTEL. ISUCI2MN
8 -302 Io , 093: 38-09: 38 CET
Fm= 6w-GKN' SM=20. 0000/KM ,K= 1. 000

0 573 P'10 12345 678s1U 568 o

F I 4 7.7~l 23445

K!-=77-ROFIEIGCNMEL.30GI1-0

83020, 0:4209:4,CE

, ? =2.7OKMSM=0.000/KK=.00

5 E 7 ' 3 568,1 2 4 678110 2 34

li

w2

t-2

SIGMA, '/KM



1)~l(III~' AT JNIIN f ' ;

KLET'L-FAROFILE, 1O6ONMEL. 1.9DC12MN
8302"10, 10:31-10:31,cET
PRM=,f. 67OKM ,SM=20. 0000/KMK=1. 000

5 , 78,10'2 3 4 5867 8 1 ( 2 3 457 0 2 3 145

~t

I T

SIMA I/.-

FIC. '7.36
KLE7T-PROFILE ,063LNM eEL. 1.SDG2MN
830210 , 10: 34-10: 34CET
RM=1. 525KM ,SM=20. 0000/KM ,K=1. 000

5 678 10' '2 '3 .4567811d~ 2 3 4 5678 1.0 2 345

00

80 30 699'

SIMAoIK



)I II ht 1F ) A I (,If ov ;ri~t NI I *Vif NIA

1K4.Fr -PROF ILE 0347NM PEL. 19IDC 12MN
8JU-- 10 , 1W:41-10: 41 ,CET
FM-: 1. 471KM ,SM=20. 0000/KM ,K=1.000

15 3'86 1 2 3 .4 15781 ' 2 3 1. 15~ ____ 
-28 1 12 1

Al o

V I 0

830210~ 2 30 45780: 26 3CET810 34

RM=1. 632KM ,SM=20. 0000/KMK=1. 000

234 5678L~ld 2 3 4 5678B10d 2 3 4

9 o

In1:'k llcf rr

SIGMA, 1/KM



'ic trril AT r i!fJV,(rNr f- VfNc

* KLFTV F-PROFILE ,0530NM TEL. 13CC 2MN
830 10~ 11:4'0- 11: 40 ,E

5. 5678S 10 2 3 4 5678o Iu 2 3 4 5 6-8 012345

SI MA I I

83010 114-1*3,

RM228K M2.00/M,=.0

15 S678 1( 4 1 671' f 1 3 1 5111, 1 3 1

LAJ w

5

3

SIGMA, '1/KM



KLETIT-PR0FILE,0694NM,LL. l9flCI2-MN
8302"10, 1,1:45-11:45,CET
RM=2. 203KM ,SM=20. 0000/KM ,K=1. 000

S6831U 23 4 56791 2 3 5 E 57B31 1 i0'

LjJ o

ca.

o 683~~ ~5789.1(f 2 4 4 568'0

SIGMA, 1/KM

FIG. '7.42
KLETT-PROFILE ,1060NM ,EL. ISDG12MN

* 830210, 11:49-11.:49,CET
RI1=2. 548KM ,SM=20. 0000/KM ,K1. 000

* 57810~1~781& ~7p10' 2 1~ 1

-. 04111ca

SC

5 6 79'10

SIMA S/k
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kLETT' PROF ILE , 106NM MEL. ISDC12MN
830210 , 14: 10-1.4: 171 CET
RM1=1.. 4KM ,SM=20. 0000/KM ,K=1.000

5 6'F 10 -1 2 3 4 5678,1d' 2 3 4 56789 10 2 3 45

030

T- T Fo 678 9 l

RM=.75KMSM=0.000KMK=100

5 '81U 2 3 4 5678 1U 2 3 4 5 678, 10 2 3 ,4 5

o
NC Cu

(a el

5 6789 23 5889.'2 45681.0 2 3 4 5

SIGMA, 1./KM



no )flt irr D) AlI (ti h INMrN I I O W

k L.TT-PIROV ILE ,0347NM ,EL. 19D 1.2MN
8'30210 , 14: 14-1.4: 15 ,CET
RM=1. 70' -KM ,SM=20. 0000/KM ,K=1. 000

S567 12 3 46 78n 1d 2 3 4 56781. 2 3 5

1 7"0, 1 2 1 15 1111 .

ca a

11Y' 3 4

SIMA I-K

FIG. 7.46
KLETT-PROFILE ,0530NM ,EL. ISO;12MN
83021.0, 1.4:1.-1.4:1.7,CET
RM= 1.762KM ,SM=20. 0000/KM ,K= 1.000

5S911234678,<1& 2 3 4 26 3 4

"0

5 CF

wIMA w/
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F- ~{.7. 47
K.LETT-PROFILE,0530NM,EL. 13DU12MN
8302,10, 15: 09-15: 09 ,CET
RM=I. 705KM ,SM=20. 0000/KM ,K=1.000

5 710 2 3 4 5,617 8' 1 2 3 4 56789r 2 3 ?

20- 2 2

0 01-M /<

56 91 0 8

SIMA IK



i nt irr (Ar 't iiNmr ri i '1FrNll

KLJJ 1' V0I I LE ,069/.NM ,EL. ISOC 12MN
a302IU /15: 14-15: 14. CET

RM= 1. 851KM ,SM=20. 0000/KM ,K= 1. 000

'68 10 2 3 4 567851d 2 .3 41516178 '10 12 13 4 5

7S

m 0

SIMA I/-

o57901 2 13 14 5 6789 '1f 2 13 14 5 67 Pj10 12 345

SIGMA, '/KM



ium ii~~lrrP AT I, I']I ~I NNrNrt I \I'I Nv'

t-~ . '7.5 1
kLEpT-PROF ILE , IOGONM ,EL - 1900 '12MM
8,30,2 10~ , 1: 19-16: 19 ,CET
RM='I. 389K 1,SM=2C"0. 0000/KM ,K='1. 000

o 578 10 -t2 3 4 567s8 id 2 3 4 567 10 2 4

(0i 
C11

2 3 4

YT78 IT
SIMA VKw

FIC. 7.5

'680 2 3 4 56789'1d 2 3 4 567810 2 3 459

SIGMA, '1/KM



I I ?(1I::('F 1) AT I I i INN1AI N I fN~

KLlT- PROF 1 LE ,0347NM iLL. 19D0 12MN
630',-,10, 1 .: 26- 16: 26 ,CET
FRM= 1. 97'KM ,SM=20. 0000/KM ,K=1. 000

5 78 10 ' 3 4 5 67 8' I 2 34 567810 2 3 4 5

0U

eOW

56 8 ' 3 42' 3' 4' 5

SIMA I/

w G 7.5
K0 0-PCIE05OME.ID1M

- 32o , 6-41:3 E

ju

0 5678'Q 24571 2 '3 578911)- -r 3,'

SIGMA, '1KM



o ~ii I ) At ( \' NMI N I -. 'N;

KLLK 'ROU ILE ,0530NM ,EL. 19DG 12MN
3JU'i 1) '17: - 15 - 1'7: '15 , C ET

"?~ .'- '-KMSM=20.00/kM K 1. 000

3 789,1~ /f 2-a l 3 43546

I..T L- - '1~

Lo

8320 171-11SE

LU 1(4

5~789 -6 2 3 4 5 c 2 346710 2 3 4 5

SIGMA, '1KM
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16! . ',.u7

kLETr-P R O F I LE ,0694NM EL. 19DG 12MN
30'- 10, 17:-1 : ,CET

i-< 1i l,,385KM ,SM=20. 0000/KM ,K=1. 000

.2 567841 2 3 45678,1o 2 3 5

r4

!2
I

]0

o

m -. O

SIGMA, I/KM

CI. 7.5 8
KLETT-PROFILE ,I0G0NM ,EL. 9DG12MN830210 , 17: 27-17: 27 CE7

?M=1. 830kN ,SM=20.0O000/KM ,K=1. 000

__.. " 2 3 4 ,5,678 .od 4 5 6 s,7,8 o 4- 5

S o

SIGMA, 1/KM

0 I """" " . I , II I " " ' I ': I I I'', I £ i" . ~ I:. I0
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kL.LTV vUILE 0530NM EL. 19DG 12MN
K~~ . -,08:57-08:58,CET

-1. /J5KM t SM=20. 0000/KM ,K= 1.000

I7S102 3 4 56?8 f2 3 4 5 16 7 8j1 2 3 4 5

0 
05 1 7 2 3

833o 090-90,E

'1=05* wM2 .00/M,= .0

5 G * 4568

5 78 1 4Sf789"12 10 3 2

SIGMA, '/KM
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* ~FiG. 1G
KLEFTT-2ROFILE ,0530NM ,EL. 35D000MN
8j0 1.6k O9: 1.1-OS: 11,CET
PM=O. 400KM ,SM=20. 0000/KM ,K=1. 000

5 78 10'1 2 3 4. 5 678 I~ 2 3 4 5 678' lO1 2 3 45

0 7 23 40

5 07'l 2 342 34 7 1

o8 I 0 6 id

SIGMA, 1./KM



mI P miomfi r AT (;,i h 'iJir Nl r 'YprWSI

VC .64
J4 KLETT-PROFILE ,IOGONM EEL. 35OGOOMN

83031I6, 09: 13-03:20 ,CET
RM=.450KM ,SM=20. 0000/KM ,K=1. 000

5 67P$10 -123 4 56781( 2 3 4 5 G78P 101 2 3 4 5

;5~ s7' lo is 1111 bbI il I

830316 
092-92,E

ww

53 457789 2C 3 6-78b10 Id 3 4 5

SIGMA, I/KM
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I G. 6.~b
6KLET2'-PROF I LE , OGONM EEL. 19DGI12MN

9 r2 , 07: 13-07: '13 ,CET
KM- 19KM ,SM=20. 0000/KM ,K=1.000

567810 2 3 45r.7 881~ 2 3 4 5678 101 2345

30

SIMoK

FIG. 7.6

8369 071-71,E

I- 2.35MM=0.00/KKE.0

568 567.-

E3 894 7897,

SIGMA, 1/KM
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T L. '7.68

K.LEFTT-PROFILE ,0347NM ,EL. I3QG12MN
0 6Q21 9, 0'7: t2 0-0l: 2 0 ,CE T9

?M=2. 004KM ,SM=20. 0000/KM ,K=I. 000

56788'10 - '2 3 4 5 6 7 BAI( 2 3 4 5 6-7 8' 0' 2 3 4 5
o~ I III~ 1I I I i~

44

SIMA VKa
F I G 7. 0

P678AIO 0t 2 3 4. 6789 Vf 2 3 4 56 78'l 2 I

5789I- 57 ~ 5710 3 45

"212
SIGMA I/K



I i~m tlC'? 1) Al covi, R;.qmrNi F xv N

3 k t .II -V!OF I LE 0530NM ,EL. 19OG '12MN
830629,3 08:03-08:04 ,CET
RM1=2. 300 KM ,SM=20. 0000/KM ,K= 1. 000

o 51 6'7f3E4,I 6721 23 3~ 4 5 '-'-1'~

~ K -ca

7o-r 0

2 3 4 3 4

SIGMA I/0

7.7

K~r-7-r/PROILE0347ME.19D12M

-4I

40

SIGMA, -/KM



Pio lr~)llI('r !) Al Ck\'t 1r'MI N I rI )((Nf

KLITTF-P[d I LE ,069.NM MEL. ISOC 12MN
8-30 ;29 08: 10-08: 10 ,CET

1 . '--'1 3KN ,SM=20. 0000/KM ,K= 1. 000

~5 67B 10 2 3 45 6 7 8 1 ( 2 3 4 5678 10~ 2 3 45

3*13 4

5 2 42

SIGMA, I-o

FIC'. 7.7

RM=1.11KMSM=2.000 345,K8710

5 678Q 2 3 4 567811 23 5i 6810 34

SIGMAf 1/KM
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it>;. "''!

KLETT-PROF ILE , 10O0N1 ,EL. 19DG 12MN
U30'i 14, 0/: 33-0'7: 34 ,CET
R.M=,i. 5'70KM ,SM=20. O000/KM ,K= 1. 000

15 56-71810 2 ' 3 '4 5 67891 (f .2 3 4 5 61781101 2 3 4 5

5 6o

83 4
-a

I- I1 I-

56 891o 2 3 4 5 678, 2 3 45678910' 2 3 45

SIGMA, 1/KM

FIG. 7.75
KLETT-PROF ILE, !.080NM ,EL. 1.,Dg1 2MN
830"714, 0"7: 37-0"7: 38 ,CET
RM=1. 5"70KM ,SM=20. 0000/KM ,K= 1.. 000

22

SIGMA, 1/KM

• " 1 1 "" .



m ii nt irn AT C.\ I WI I N :r lfN~

kLA-:f-FPROF I LE ,083/.NM E-L. -19DG 12MN
~3 071.' ,0'7: 40-0-7: 4" 'I ,CE'

2 3 4 5 678p 1( 2 3 4 5678,10' 2 3 4 5

0

SIGMA, 1./KM

T S 7.77
KLETT-PRCFTLE ,0634NM ,EL. 19OGI2MN
83071.4, 07:42-07:43 ,CET
RM= 1. 580KM ,SM=20. 0000/KM ,K=I. 000

~ ~~7p~10~ 2 3 4 5678p ~ 2346890 5

to a

9a7~o 24 2k



I i it irr () AI I in 11.11 N I IvII N".1

7 1 . ' , 3
TT.IVLPT-l U LE ,0694/NM EL. -19OG 12MN

l.. 0?1, 03: :13-08: 14 CET
K-M -:1.7 '0KM SM=20. 0000/KM ,K= 1.000

~~78 2 ~3 4 5678'G 2 3 4 5678 O 2

58,910~ 2 348811 C 2 3 45678910 2 3 4

SIGMA, '1/KM

T :C. '7.79
KLETT-PROFILE ,OeS4NM ,EL. lSOGI2MN
53074 1/, 08: '17-08: I8 ,CET
?M=2. 0L47KMSM=20. 0000/KM ,K='1. 00

78 2 3 45881 2 3 4 5 678 '10' 2 .3 4

f 5 6 1-7 1BA0

taS

'*4

56 61-

9 69 o

SICM! I/K



15 6 718, 10 2 13 14 56 7 8,1 12 13 45678 10 12 131

o0

C-

5o -o 5 d9

SICMA VK

2: } 2:

05,3-8'0, 2 3 -71d 3Ii 4j 5 678'10' 2 3 4 5

SIGIMA, '1/KM



tNi E ,0530i'1' EL.. 20DCOOMN
~ .> 1 : 18- 16: I'D ,CEP

,''1./QKA,SM=20.0000/Ki',K=1. 000

o Y23.23 4 5678 If ~2 3 4 5678 10' 23

-- SIGMA, I I

0-:-' 0. KilS =00CI M K 1 0

Rk-

0 0

590 2 3 4 58791 ' 7' 8'9 Id'789' 23 4 5
SIGMA, 1/KM



' rll It r ICI 11 AT I I7l ;

I" L E 0 O6ON ,0. OD GOOMN
1-:,53- 16: 53 --"

-f- HSM=20. 00O, K U ,K= '1000

-7 8 4

6 0

--I -"-T I FT8g

75 678S'O 289 3 7891(f 4 5 I
SIGMA, I/KM

-i" " 85

KLET-PROFILE,1060NM ,EL. 19OG.2MN
831A8, 13: 40-1.3:4 1 ,CET

5 G78 2 3 4. 5 8 32 345678,'10O 2 3 45o 1 . . i I I 1 !~ [I__ t 1 , I I C

n6

-I o g l

I-U

-' - 2 3 4 
5 6 2 8 1 ' 3 78810 2 3 4 5

S 4 5KM



1' 0 I LE 1 O00kH CL. 200(;00MN

~Q~kH ,M=20'. 0000/KM ,K= 1. 000

5 3 5685 1 U 2 3 4 567.39,40' 3 5

a' 7n6 ' 6

SIGMA, iL/KM

1 13
<ZETT-PCF ILE, ,10GNM ,EL. 200GCOMN

8"'0301, 15:36-15:37,CET
-?M=0. "G2KM ,SM,=20. 0000/KM ,K= 1.000

G ~ ~ -79 4 567'8~ 2 13 14 5167 8,10' 1  2 3 4 5

LJ.;

-. ~~~ ~~ 56'3'j 23 67893101
-E I X



?(' 1) A I ()V , I N

7 . 1 10 2 D O M

--- PR0F!LE,I6NM,EL200M
2 3C0 1 15:35-1.5:35,CET
RM=O. 'Ki1 ,SM=20. 00001

1 KM ,K= 1. 000

5W31 2 3 -578$I 2 3 5161718 lo0 12 13 1 45

'736781 16 0 4 5

71

2 C) 3 4

T~ ---- 7~

o ~ 2 3 ~67891 68~o 2 3 4

SCM AA '1KM



I ICIh r !') AT (,()V~ utI I fp i '01 N';

I C 108
LETT-PROFILE ,1OGONM EEL. 200000MN

R1,11. 7KM ,SM=20. 0000/KM ,K=1.000

53678310' 2 3 45678~l 2 3 45 G78110~ 2

z -,-C3 ~ - D I l!I I 1

SICMA, I/.

.G;. 7. 103
KL,.ETT--PRCFILE ,IOGONM ,EL.200COOMN

' 01, 153-1.5:35,CET
RM=0. 777KM ,SM20. )O0/KI1 K=1. 000

G 7 $ 1 2 3 4 56 7p8l 2 13 14 5 678910' 2 3 4

I CM I l/KI



iP00~ lrr 1) AT (,( )\'I HrJI.11 NIf

KKL:7r v-ROFILE ,1OGONrl,-L. 200G00MN
a8 1030 C 15:i34- '15: 34. CET

-7K"1 SM=20. 0000/KM ,K= 1. 000

S ~~~1 23 4G7 '1 23 4 5678 101 2 3 4 5

C4 
'

7.107

C,

10 13 1 w

SIGMA, 1/KM



KLET' PRNOFILE ,1O6ONM EEL. 200GOOMN
S 23~1'15: 30-15: 30 CET

-*-0KM ,SM=20. 0000/KM ,K= 1. 000

6- 1 2 3 5 5678nl 235 3 4 567~0

-ILL

SIGMA, 1/KM

PIG. 7.105
KLETT-PROFILE ,-1O6NM ,EL. 2 'UG00MN
840301, 15:34-15:34,CET
RM=0. 7'IKM ,SM=20. 0000/KM ,K=-1. 000

5 67 C' 34 5 6 7 8, I 2 3~ 4 5678 101 2 34 5

SIMA I oz



F IG. 7.102
KLETT--FIROF1LE , IOGONM FL. 20DG00MN
8 'O/30-1, 15:26-15:27 ,CE'F
RM=0.7232KM I,SM=20. 0000/K'M ,K=l. 000

6-,8310 3 4 5 678' U '2 '3 '4 5 G78 l 2 3 45

0 0

0- 5

'7 A

030
I-7eJO~LIGNEL2DG)M

5678ILO0 2 3 456-79d' 2 3 4 56*789~ 2 3 45

SIGMA, I/KM



I'U Ifr) A T (~' I

KLE'T-PFR0FILE ,lO6ONM ,EiL. 200G00MN
84030 1, 15:24-45:24 ,CET
RM=z0. 733KM ,SM=20. 0000/KM ,K=1. 000

567 8' 2 3 4571 3456 2 35
SIGMA,0I'K

5 07 0- 2 32 34 7 (

SIGMA II-
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FIG.7.c
KLETT-POF ILE ,0530NM ,EL. 2ODGOOMN
840301,' I.:220-14:23,CET
RM=0. 8'4KM ,SM=20.0000/KM ,K=1.000

5 67 IC2 3 4 5 678 10d 2 3 4 587810l 2 3 4 5
i

C3

7o CM

o 87~0~23 67891f 2 3 4 56 7 8S 2 4 5

SIGMA, 1/KM
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vIG. 7. 96
kL[EETT - PROF I LE , IOGONM EL. 30DGOOMN
84030!1, 12: 14-12: 1 JCET
RMz0. 421?KM ,SM=20. 0000/KM ,K=1.000

3 5 6 781 I 2 3 4 5678~ 2 3 :j910oII I L IIi I I I I I I I

1I

0k

Co
C4 eq

w7

I SIGMA, 1/KM

FIG. 7.97
KLETT-PROFILE ,OSS4NM ,EL. 200GOOMN
840301, 14: 18-14: 18 ,CET
FRM=0. 855KM ,SM=20. 0000/KM ,K=1. 000

.5 61718 10' 2 13 14156 78, 1& 2lI 3 4g 673 3 45

-

a567891Q) 2 3 4 566 769'2 3 456790 2

SIGMA, 1/KM
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KLETTl-Hk'UFILE ,OGS4NM I:L. J0DGOOMN
84030 1, 12: 09-12:09 ,CET
RM=0. 430KM ,SM=20. 0000/KM ,K=1. 000

5' 678 1( 2 3 1 4 56718' l '2 '3. ''27'' 2 1

01 0bj~l'

SIGMA, 1/KM

FIG. 7.95
KLETT-PROFILE ,OS3ONM EEL. 300000MN
840301, 12: 13-12: 13 CET
FRM=0. 429KM ,SM=20. 0000/KM ,K=l. 000

5 678 10' 12 3 4 5 6 7 8,1 12 .3 .4 5678 10' 2 .3 4 5

5 16 I III I I

SIM,1K



KLETF -PROF ILE ,0530NM EL.- lOOG00MN
83-0C301, 12:03-12:03,CET
RM=O. 6D78KM ,SM=20. 0000/KMK=1. 000

-1'1~0 .2 3 4. 5 678 1 1d 2 3 4 56781 4 35~
g 1 1 I II 1 1 1

8431 1:71201E

IOO

SIGMA, 1/KM
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'f' iOF ILE ,0694NM , Ll. 190G012MN
A 11:05-11:06>'Lf

* - ~-1 -,'OKM ,SM=20. 0000/KM ,K=I. 000

~~' 2 ~3 4 5 678(10 2 .57 10' 2 i,

00

o to

oo IW

LUJ
0 0

SIGMA, 1./KM

Z*~'3. 7.9.1

KL-'TT1-PR6FILE ,10604M ,EL.IOC000O0MN

i l=0. ls97KM ,'1=20. 0000/,K,'- ,K=. 000

5: 3 -82 3 45E 785 1 2 3 4 567810' 34

ci-

oi 0 U

Zw

5 G

SIGMA /w
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KLETT-PROFILE ,0530NM ,EL. ISOG12MN
840228, 11':0-lj:O1,CET
RM=2. 400KM 1SM=20. 0000/KM ,K=I. 000

5 678' I0 p 3 4 5678jl 2 4 4567PA10 ,2 3 4

2r

5' 4 3 4

SIMA I/.-

o

o 5' 7 9 1 - 2 3 4 5 ll 679 2 3 4 5 676bil01 3

SIGMA, 4/KM
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4 ~I3. /86
KLETrT-PROFILE ,0347NM EEL. 1300 12MNI
831I1,18 '13:43-13:43 ,CET

RM=0. 640KMl,SM=20. 0000/KM ,K='1. 000

5 68 U 2 3 4 5678 I1U 2 3 4 5678110 2 3 ~5

5 3I ICF F .. , I 1 11 1I

SIMA 0/

0 z*I'; 7.8

KL-ZT-PRFILE053NME.19O1oM

S I M K



iHnontirr I) AT (;.O\ H~ i I v rN

ET~ilKI LE I I0GONM ELL. '100CO0MN

- 1 .1KSM=20.0000O/KM K= 1.000
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- ca

-T I -

5678310( 2 15S89l 21 579 2 3 4 5

SIGMA, 1/KM



w riiotw rrj) AT (( irl Pj i i ' NN'l

F L; ~.22/.
KLETT'-PROF ILE ,.1060NM ,LL. '100C00MN

E 6M0."YKM ,SM=0"0. 0000/KM ,K= . 000

0 7 0 2 3 4571 2 3 4 567811 2 3 /r 5679j108~43

I N aHm
C0

0 T fF
67 s 9 ' 45r.1 1

NI;A I/K

T C;. 7

LI

SIGMA, 1/KM



j~ io rr 0Al ;I itPINl N II '

KLKT''-P-O I LE ,0694NM ,L. 40GOOMN
S/.116 , '112:2:28CET

RM=0. 523KM ,SM=20. 0000/KM ,K=1.000

-i-
5 ;4 3~67i381(2f . 7 3'0 4, 35

SIGMA I/K

=T .7.2

K'--77-POFIL,069NME.IODOOM
34'-6'-G, 12 29-2: 2 CE

M=.52SMSM20.000/MK=.00

SIMA ./KM



M If .~ 1.' f I I kc,

K KL; P-QROF I LE ,C 6 4NM ,EL-.100000MN
8 .i 116 t , I" -- 12 :26CET
F M=0. 5S4KM l,SM=20. 0000/'KM ,K='1. 000

5o 8s' 'l 3 4. 5678,J1d 2 3 4. 567810 2 3 4

T I

81 1 ,1 :7-2 2 ,E

LU w

-4

SIGMA, I/KM



V~P v

-f-' -PROF I lE 069S4NM FtL. 1.OOGOOMN
F 3D 37 KM '--M=20. 0000/'KM ,K=1. 000

69 ' *I0 j 3 4 5 678 ld 2 3 4 5 67 B10' 2345

t t

-7,o 6- 3 ld 2 4

5 o 7,-

0IMfIK

841116 12: SIGMA2, 1/K

Th=0. 565KM ,SM=20. 0000/KM ,K=1.000

51617 8 10- 2 13 14156 7810d 12 13 4 157810' 2 1314
1 1 1 1 1 I I, II0

La '
45679 O~ 3457891' 2



-4 K.ETT-PRFILE ,1060NM ,FL. 20DGOOMN
:3. 1.. , J: '1 1- 09: l ,LLT
R;1"=. O00kM ,SM=20. O00O/KM ,K=1. 000

G 7 8 3 9 3 45 ,' 2 3 50

IIn

I-

iW

!- I-

C

SIGMA, 1/KM

i 2. 7.217
KLET-PROFILE, I060NM ,EL. IOCGOOMN
84,1tL, 42:1S-12:19,CET
RM=0. /.SKMSM=20. 0000/KM ,K=. 000

5 '-3-8$0. 3 4 5 6751d 2 3 45678 0' 3 45o

fl 0
-0 I -

" -'C.-..8 [I , , 1 =

5 67891 3 0

SIGMA, 4/KM

.. *.



r,,otirrr1) A T (

LFA-- ri't'L I LE , 10GOP11 FL. 200GOOMN
>3... 0' O3 : 0 9-09 :09 ,':ET

3V-0:.>8K 'OM20. 0000/KM KI. 000

5~~3~~1U8 Id 6~31 2 3 4 5 G-89~0

0 ' !3 .

C2C

SIGMA, 1/KM

FIC. 7.214
KLETT-PROF ILE , lOONMI EL. 200CQOMN
841104 , 09: 10-03: 1.0 ClcT
RM=0. 357KM ,SM=2O. 0000/KM ,K=1. 000

56G78J 1 '2 '3 4 56E;7 8 2 3 4 56785~10' 2 3 4 5

I

m r

E-

5679'j' 23 46781~ 345810 2 3 45

SIGMA, 1/KM



S0f)l W (1)[ A I (;I IvV)~j

K' ~~OI LE ,0530NM ,l-L. 20DC0OMNV.A 03., 3: 0'7-09: 07-lV
0<'~M Jsm=,' MSM0. ooo00/ Kil K= '1. 000

2 3 4~ G t .,

STCM I, ci

842'. - , 928-:d 0 '_

< *

0 6 ~ 345781.~ 2 3 45867890 3 45
SIGCMA, 1,KM



I KIL7 '

I KLETT-PR-IW LKE ,10GONM o5L t)UG0MN
8 S..>1 12, o: -1OS : 'IIl , CET
RM=":2. 3971,, S3M=20. 0000/'KM K='I. 000

Q*f'2 3 5 56-811' 2 3 4 5 G7 8, 10~

16 1!i, ' 1 5

L-

SIGMA, '1/KM

a ., OFLE ,053NM ,EL.2DOM
34'1104, 09:06-09:06,CET

J=. 958KM1 SM=20. 0000/KM ,K='1. 000

5 78 2 3 4 5 678SI1d 2 3 4 5 678 '1 2 3 4 5

SIGMA IIK



[~~ ~~~~~~~ i t()lt () ii i,,rti!. X I ) A Ii~

S"-7T i<0tILE , 10GONM ,L. 30D(OOMN5... XOJ, IJ:22-12:23 ,LE'

S2, 55K ,SM=20. O000/KM ,K=1. 000

*1 ) 2 3-5 67885ifJ 2 3 5 5678 '10 2 3 50

IGA

0

- -RC-IL=,IOGONM EL.300GOCMN
~203 1225- i2: 25 C-7
-A.i 25, K111 ,SM=20. 0000/KM ,K= i. 000

3 481 :0 2 3 4 5 678~ 2I- 0.287S3 5

F- a

SI!GMA, I/KM

6_. . i

*L--RFlL,16N E.3DOM
Si:2 3, 2" 5-1I 25,CE
:-"'I. 5'TK,'?,SM 20. 000/ M , = 1. 00

. Y , , i i i i 1 I -

L

K I- 2 3457810 --

SIGMA, 'i/KM

. " . . .: - ._ __ . . . . : .. .: ,. .:- .: • . .i:.. , *' ,..



4 1.ETh-P~OFILE ,0530NM1 FL. 3OLDGOOMN
V i ~ 1/ I: 45-12: 4,5 CELT

'V-SKMSM20. O000/KM K= 1.000

55aI 2 34578S1 2 3 4. 5 678 10 2 345

G7 01 4 69Io

SIGMA, 'i/KM

FIG. 7.244
KLETT-PR0FILE ,IOG0NM EEL. 300G00MN
841203, 12:26-1.2:26,CET
M=1. 215KM ,SM=20. 0000/KM ,K=I. 000

G 57851i0 2 3 4 5 67831 l'1 2 3 4 5,6 7110 2 3 4 5

U~ I~

6 78'0 23 31 79iJ 6810 2 3 45

SIGMA, 'iKM



I0

4, ;,1!' .. OF I[!E ,0530NM.1" ,Kth. 30~?GOOMN".., 50: C2: 4 -02: M NCT

"M:3. ,SM=20. O000/KM ,K='I. 000

-3-9' J3 5 78 1C1 ' 3' 5 67 8' ' 2 3 5

w4 5

0  GM, !.0

.... .. . -_11, F I i

7'. 7 147
<ZET-ROFILE ,0530NM EEL. 300000MN

3,:.1203, 12:47-12:47,CE
M-- 1SKM,-qM=20. 0000/KM ,K='. 000

56230 1 2 3 4 567891 2 3 4 '7 O2 ,3 5

G 7 r3

S on

56,78.,.o-Q 2 3 456891 ' 2 3 456789I o ' 2 3 'k5

SIGMA, 1/KM

*. T '.-'



m I n )r)I PrFr) AT G(VI i, / r ;'rN~ i

kLE"I7i' PROFILE ,0694NM,EL.30DGOOMN%..1:0 ,12: 55-!2: 56,CET
RIM= I. 15'OKM ,SM=20. 0000/KM ,K=l. 000

II o I II

a -,

S7GNA 10/K

0

~~89Q~2 45S89Q~23 4 5 6789101 23 145

SIGMA, 1/KM

ZIG. 7.249
KLETT-PROFILE ,0694NM ,EL. 300GOOMN
841203, 12:57-12:58,CET
RM=. 162KM ,SM=20. 0000/KM ,K=1. 000

A 5678310 2 3 4 5 l 2 3 4 5 2 3 4

-L6
" -4 S "

56789lO- kQ ' 234681 2 3 456769l0O 2 3 k50

SIGMA, 1/KM

'" i:;"- : -- .-.~ iL i1 .... - - -. . ......... . -.... --. .... -"



i~ m i r t DfI AT GOrVI WWI N T F VPrN!;I

r~_Kl'OP ILE ,06 4NM A-L. 300GOOMN
5~IO.13: 0 2- i3: 02 , C FT
R~-' 50KM')M=10. 0000 ,"WM ,K=1. 000

'7 8' U 78 1J 2 3 4 5 6-7 8,1 2 3 5

SIMA I/K0

34K23 1 00-3:3,

LL-J

2 3G767''100

SIGMA, '1/KM



i, i~w if rrf) A~ I (1 I . ''rJ~

F I (. ',.
KLE 7T -i-IRF ILE 0694HM FEL. 300OOCMN
84120j, '13: 01-13: ()'5,CET
RM=/. '/ KM ,SM=20. 0000/KM ,K1. 000

5 6*7 '1450'89 2 3 4 5678 1' 2 3 4 5

~15G ll- l3 45

SI MA .. -.

867S1 0 2 3 4 56-891 h57910 20

SIGMA, 1I/KM



KLET'T IQ ILE 0694.NN EL. 30DGO0MN

r? '3Il= -

G 7 8 1Q C 3 5 67891(5 2 3 4 5678910 2 3 4 5

''I~~~~ 4 5t~ II111

i~~~ 0 5

r 1:

r6 <

o 5 6 8 j 0  28 3 3 4 579% 0

SIGMA, 1/KM



m rimitl Ar (, )Vl HNNM N I I VIAt Plm

1~i'-~~W~2LE C-94 ,L. 30CCOOMN
3 -)03, 13:08-3:0/8,CET

~'. 34' 'l 'i SM=20. 0000/'KN K= 1. 000

Y'3-I 1 3 5 6 5S310, 2 3 5~ G 78910 2 3 ~5

I T I
50~~~ .6 45 567

r *lo

I GMA l/K

56789i0 2 3 4 5 6781f 2 3 4 5 6789 10 2 3 4 5

SIGMA, /KM



,i; of~r) r1 AT I rPA,: r, "!, rN'

LTT-+11OF LE ,069/NM EL. I00000MN
.- 120-. 104-lI1: 05 ,CE'T

RM=:k. '1&-/KM ,SM=20. 0000/KM ,K='1. 000

53 78 102 3 4' 5,71 2 3 . 68l 12 3~ 4

or

12 0-i 0 '2

SIGMA, 1/KM

F7IG. 7. 259
* KLET-PROFILE,0694NM,EL. IOOGOOMN

841204, 11:05-I.1:OSCET
FRM=0. 724KM ,SM=20. 0000//KM ,K= 1. 000

5 67831CO' 2 3 4 5678 10d ~2 3 4 5 (37P10~ 2 3 4 5

1.1. I I I I IIm

13 1 15 6-78911 d ' 3' ' 5IIMA 0! 0(



Iio I coi irr I) AT ';\>IW -I IT " ;I

KLTF-T- PROFILE ,OGS4NM ,EL. 'IOOOMN

M -0. C355KM ,SM=20. 0000/,KM ,K='1.000

58C 2 3 45 67811d 2 32 67n~ 3 4 5

2'a

SIMA I-K

-

5 14 15

SIGMA, '1/KM



mt irrll ATI (, 14' .1, 1 1 I F '

FI1.
KLETT-Pf U[ I1.E 06G94NM FEL. '100COOMN

r M=0. 7',)"KM,~SM=20. 0000/KM ,K=1. 000

5 678 34568j0 57 2 3 4 5

< CO

- I . 7 6

1 7 !2-

<0

SIGMA, 1/KM



on w m AtkLV IW 'I

fLL (IF ILE 0,94J/NM EL IOD0GOOMN

<U:0. ~;3M SM=20. 0000/KM ,K= 1.000

~~>J 23 4 678 2 -578 10 3 -

-, h0
CD <

f5 5678&110 2 3 4 56791 2 lb I 1. 'S890 3 40

SIGMA, 1/KM

KLE-T'T-P;RCF UE ,0G3Z.NM ,EL. IODGOOMN
841.204, "1:25-11:25,CET
RM-,0. 702-KM ,SM=20. 0000/KM ,K=1. 000

G '7 8 3 4 5 6788ld 2 2 34 5.0

o

;-1 *1

SIGMA I/w

. . . .. .. . .



... ,* UILE ,069'MM I- - 1000-00MM

S83kM ,SM=23. 0000/'KMK=1.000

(D <

SIGMA, 1./KM ~ ~ ~

LET-PRCFILE ,0634NM ,EL. 1.00COOMN

ZI . '3KM ,SM"=20. 0000/KMK='. 000

5578S1 2 3 5- 85~ 2 3 4 568 2 345

wZ

4I 
r

5 7 891 2 ' 2 .~678l 'F3 1 6891. 3' 4 5
SIGMA, ./KM



io t rF 1) A I rv I f pz'

k F >OILE 0694W! t L IOOCOOMN
),' 1 1: 53- 1L: 53 CET-

66 . !M SM=2)0. 0000/KM ,K='I. 000

879 10 2 3 45S781 2 4 E -7 811 3

CC

SIGMA, I/KM

<LETT7-PROFILE ,0634NM ,EL. IOCCOOMN

R11=0. 655KM ,SM=20. 0000/KM K= 1. 000

2 3 4 5 6 -2 3 p5 18CP 2 3 4568 2 3 4 5

56791O 23 456891~ 3 5789012 3 4 5

SIGMA, I/KM
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11111mo1 111112.5
- L11111.

1 .8

JJJJ 1.25 JJJ14 111____

MICROCOPY RESOLUTION TEST CHART
NAT!(,NA, FOPtjk (r 4 N1-l



,I i 1r 1 irCfl Al ;I C tvi Ilt4 YF.';

KLLTT-l-PLF I LE ,0694NM ,EL. 100GOOMN
8.[.204', 1-1: 57-11: 57 CET

-Mz, 5'KM ,SM=20. 0000/KM ,K=1.000

5 678 110 2 3 4. 5 678 ld 23 2 3 4 567~O

I
SIMA I/

FC 7.27

0 
'

o~~~~~~~~~~ 4~81~234681 5790 5

SIGMA, 1/KM



li IIft 11Dr lI A I (.i VI HNMI N I I Y'I '

* KLETT-PROFILE ,0694NM TEL. IOOGO0MN
841204, 12:36-12:36,CET
RM=0. 616KM ,SM=20. 0000/KM ,K=l. 000

5 6 7 8,' 2 3 4 5 r.7891d 2  2 3 4 5 67810 2 3 4. 5

N CIA

* * r

* w e

a ,34567bCd bk 6j

SIGMA, I/-

< C C

SIGMA, 1/KM



m vin iiucrm AT GOV I It . r r F PF(1'

FIG. 7.274
KLETT-PROFILE ,0694NM EEL. 100COOMN
841204, 12:40-12:40 ,CET
RM=0. 810KM ,SM=20. 0000/KM ,K=1. 000

-71 2 3 4 5 78d' 2 ~3 4 5678 201 3, 4 5

LU w

5w7 9''Y I d 5 7 k 1 27'',r7, (1,-'2 35
SIGMA, 1/KM

FIG. 7.275
KLETT-PROFILE ,0634NM EEL. 100GOOMN
841204, 12:41-12:41,CET
RM=0. 836KM ,SM=20. 0000/KM ,K= 1. 000

5 .6p1 2 3 4 5 8 ( 3 4 5678, 10 2 3 4

w

0 b T618~10 2 lif~79Aj 3 4 ~67910

S':GMA, 1/KM



,'imrrD Al (;()VI lif-Ai 'li I YPI'N;

FIG. */. ::76
A KLETI'h-pHOF ILE ,0694NM ,EL. 1.DGOOMN

84120,-*, 13:06-13:0'7,CET
RM=0.6930KM ,SM=20. 0000/KM ,K=1.000

1678,11 15 16 1571 1 2 3 456 710 IC 2 1 ?4:

ca

r 0

-2 5 0

01 0

SIGMA, 1./KM

FIG. 7.277
<LETT-PROFILE ,0694NM EEL. IOOGOOMN
841204., 1.3:07-1.3:08,CET
RM=0. 690KM ,SM=20. 0000/KMK=4. 000

5 678 10 2 3 4 567e, ld 2 3 41.7,10

SIMA I/,



im or-rt A t (;flVl l(NMi N I I %P-q

FIG.7./
KLETT-PPIJFILE ,0694NM EEL. 100000MN
841204, 13:08-13:08 ,CET
RM=0. 863KM SM20. 0000/KM ,K=1.000

o 5678 105 6 3 45678 2 3 4 56G78 101 2 3 40

aj E

% w

Er-

o V7bbl~ 3 4678bild 2 345789'1101 2 3 4 5

SIGMA, 1/KM

FIG. 7.279
KLETT-PROFILE ,0694NM EEL. 100000MN
841204, 13:09-13:09,CET
RM=0. 680KM ,SM=20. 0000/KM ,K=1. 000

o5 .681 2 3 415 678 1d 2 3 4 5 678 10' 2 3 4 5

P P

00

6 bbi 4 6b I 2 3 46789101 2345

SIGMA, 1/KM



itt meff(inmrrn AT (W I HMr Ni r YPrN!-r

C.L 7. 280
A ~kLET'F-PROFILE ,0694NM ,EL. 100GO0MN

841204, 13:10-13:10,CET
RM=0. @54KMSM=20. 0000/KMK=1. 000

-7 8 10t 2 3 4 56781d 2 3 4 5 78110I 2 3

L

0

<

0J

SIGMA, 1/KM

N FIG. 7.281
KLE T-PROFILE ,0694NM ,EL. 150OMN
841204, 13: 12-13: 12,CET
RM=0. 510KM ,SM=20. 0000/KM ,K=1. 000

LF 5 678 IC-i 2 3 4 5 678 1 2 3 4 5678 0 2 3 4 5

I

C.P

5 -f S

SIGMA, 1/KM



mintr AT CAN. W. * im

KLCT-PHUFJILE ,0694NJM FL. 150OG'OOMN
I' '~0 13 : 15 - 1.3 :15 , C ET

RM=0. c) 1K m SM=20. 0000/KM ,K=1. 000

5678510 -1 3 561PR 2 3 4 5678 1. C 3 4 5

C3 1 0

F T-I

6'78910 2IT4,781~ 6789 78110 2 3 4 5
SIGMA, 1.KM

FIG. 7.283
KLETT-PROFILE ,0694NM EEL. 15OQOMN
841204,~ 13:18-13:18,CET
RM=0. 51KM ,SM=20. 0000/KM ,K=1.000

568102 3 4 567nl1.d 2 3 4 56781 2 345

01

a8

056 c ' 23I (f~ 23 56891101 234

SIGMA, 1/KM



iiwfllcFr) At G;OVI .~, -: N r vpr .;r

Ffc-,. */. :, 14
KLETT]-P[ F I LE ,0694NM ,EL. I5OGOOMN

R1=0. 53,'bKM ,SM20. 0000/KM ,K=1.000

57910 -12 45731J2 3 4 5 67 d2

I--

'578iQ 3 4 5 E791 6

SIGMA, 1/KM

FIG. 7.285
KLETT-PROFILE ,0694NM ,EL. 15OGOOMN
841204, 14:05-1.4:05,CET
RM=0. 516KM ,SM=20. 0000/KM ,K=1. 000

5 56 7 Pd V 2 3 457~~ 2 3 57!910' 2 3 4 5

SIGMA, I I II



i'tinorm'rI AT fVI 1IN - rI f N~ l

vIr. /.'.2A3

KLL-r" -PROF I LE ,0694NM ,EL. 15DGOOMN"-' : 0 -1 06 ICET

?M:O.l5 17KM ,SM=20. O000/KM ,K=1. 000

2 3 . 678 2 3 4 !5 3 7 , 0 2 3 4

C3

t
i-

,~ CF,' ? 3 457s . sll '  5

SIGMA, i/KM

FIG. 7.287
KLETT-PROFILE ,0694NM ,EL. I5DGOOMN
841204, 14:07-14:07,CET
RM=0. 511KMSM=20. 0000/KM ,K=1. 000

.. ,8aI°" 2 3 4 567811d 2 3 4 5678 0 2

N 1 -I I I I

2C

'4 T4 F.,

SIGMA, I/KM

.. ~~~..-_................................... ...... :._ :.•...-',..,,'.-...-....-



io dilhilrrr) At LIL1vi WWI NT I v~N,

KLE-7i'-PRLJRILe ,0694'NM EEL. I5OGOOMN

IR= ./ 99KM ,SM=20. 0000/KM ,K=1. 000

5 678 10 2 3 4 5678'11d 2 3 I 37 d2: ,

000'

.7 7 3457891012 50

SIGMA, 1/KM

Ri(G. 7.289
KLETT-PROFILE ,0634NM ,EL. I5OGOOMN 

:

841204, 14:08-14:08,CET
RM=0. 520KM ,SM=20. 0000/KM ,K=L. 000

5 5678'10- 2 3 4 5 678 ld 2 3 4. 5678 ' 2 3 4 5

0IIj111b4s78T91 3 4

SIGMA, 1/KM



11110)t W~rr) AT (MV I FINM I N I

r\LETi'-PROF ILE ,0694NM ,EL. I5DGOOMN
"341204, '14:30-1.4:30 ,CET
P M=0. 537KM ,SM=20. 0000/KM K=1. 000

6710~ -12 3 5 56 78, 1 2 3 4 567 0'2 35
N

-4

056Q 2 3 4 5 78'1& 3 6 17 i310'I o

SIGMA, 1/KM

::Tr,, 7. 291
<LET'-ILE ,0694NM ,EL. 150OMN
341.24, 1Z-:32-14:32,CE

RM= -- 20KM ,SM=20. 0000/KM ,K=1. 000

8546~. 2 3 4 45 G78,110'

_;0(0

5G 89-F

SIGMA, I/K



~it* i wIr) AlIGn (t\I'll N.fj fIY V I

KLTT - tl NK WLE ,0GNM ,FL. 15DG0OMN

<=0. JIKH 5M0. 0000/ KM -K= 1. 000

4 5 G578 10 2 -3 4 56G 7 8510 3

- IL I I I LI

0

tIn

wo

E13 17 10

SISMA, '1/KM

-0. 7.23
K'Ez""--R CFILE,0634NM,EL. '5OLCOMN
3 /.12~ lz$:33-14:33,CE
RM=O. 5 11Ki" SM=20. 0000/KM K= 1. 000

;3s9'10 2 3 4 E37 8,I0 2 3 45 78 1±01 2 3 4

I I 3J

3 0

-oMA - In



m in nt irrr) Al CMV WW I I Nj tI fN

k I .KT-PROF ILE ,0694NM FEL. '15OGOOMN

~uQ*~'-M ,M=20. 0000/KM K=1 000

3 4. 5 8!- 2 3 4 5 16.781$"0 12 1 3 4.

tN

N 9679I

SIMA IK

4C

SIMA I/



f i~ 0(~C A t ('.(IV[ I(WNfM NT f* r PrN5,"

kLETT- PROFILE ,OG94NM EL 150)GOOMN
84<12o4, 15:04-15:04,CET
RM-h-0. 4'78KM ,SM=62. 0000/KM ,K=1. 000

~5 G 7 8 10 2F G 7 ,l( 56-8W1 2 3 4 56~~0
t ' I I

o 1117 2 3 4 ' b' IC '8 3' 4'~i O 5

S IGMA I/KM

FI9. 7.237
KLETT-PROFILE ,0694NM ,EL. 15OGOOMN
841204, 15:05-15:05,CET
RM=0. 481KM ,SM=20. 0000/KM ,K=1. 000

678 1.0 2 34 56 78, ld 2 3 4 5678 0

SIGMA, I/KM



vi int irrr AT' GOV. N~T'j r wPrN~r

KLETT -PRO~F ILE: 0694NM EFL. 15D(COOMN
b .I20 ,.' K:Q6- 15: 06 CET

=O .'81KM ,SM=20. 0000/KM ,K=1. 000

~ ~8i~23 5 6 78'd 2 3 45 678101 2 34 5

*10

t

58'789 1QF 2 3467881 '2 4578910 2 5

SIGMA, 1/KM

FIQ. 7.23
KLE7T-PROFILE ,0694NMMEEL. 100COOMN
841204, '15:35-15:35,CET
RM=0. 500KM ,SM=20. 0000/KM ,K=4. 000

E7262 345681f2 3 4 5 678 10' 2 3 45

4C

79 71d

SIMA IK



m t ii'Itrm AT (flV IINMrN 1 :

* KLEIlT-PHUFILE ,0694NM EEL. 100GOOMN
~3.404~15: 36-15:36GCET

RM=0. '5932KM ,SM=20. 0000/KM ,K=1. 000

5 7 85i0' 3 4 5678 ld 2 3 57p' 2" 13 4 5

SIMA I I

4124 53153,E
RN067MS=0100K,=.0
5I7 C 7 f 345G7 0

Jo

SIGMA, I/KM



it VlW)Dlri n AT GOVI IINMFNT r,,PrN-,

KLLTF-T- PROUF I LE ,0694NM EhL. '100GOOMN
84,'1204., 15: 39-15: 39 ,CET
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